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. Introduction

The southwest region of the United States experienced unusually cold and
windy weather during the first week of February 2011. Lows during the period
were in the teens for five consecutive mornings and there were many sustained
hours of below freezing temperatures throughout Texas and in New Mexico. Low
temperatures in Albuguerque, New Mexico ranged from 7 degrees Fahrenheit to -7
degrees over the period, compared to an average high of 51 degrees and a low of
26 degrees. Dallas temperatures ranged from 14 degrees to 19 degrees, compared
to an average high of 60 degrees or above and average lows in the mid-to-upper
30s. Many cities in the region would not see temperatures above freezing until
February 4. In addition, sustained high winds of over 20 mph produced severe
wind chill factors.

Electric entities located within the Texas Reliability Entity, Inc. (TRE), the
Western Electricity Coordinating Council (WECC), and the Southwest Power Pool
(SPP) were affected by the extreme weather, as were gas entities in Texas, New
Mexico and Arizona.

Between February 1 and February 4, a total of 210 individual generating
units within the footprint of the Electric Reliability Council of Texas, Inc.
(ERCOT), which covers most of Texas, experienced either an outage, a derate, or
a failure to start. The loss of generation was severe enough on February 2 to
trigger a controlled load shed of 4000 MW, which affected some 3.2 million
customers. On February 3, local transmission constraints coupled with the loss of
local generation triggered load shedding for another 180,000 customers in the Rio
Grande Valley in south Texas. El Paso Electric Company (EPE), which is outside
the ERCOT region, lost approximately 646 MW of local generation over the four
days beginning on February 1. It implemented rotating load sheds on each of the
days from February 2 through February 4, totaling over 1000 MW and affecting
253,000 customers. The Salt River Project Agricultural Improvement and Power
District (SRP), located in Arizona, lost 1050 MW of generation on February 1
through February 2 and shed load of 300 MW, affecting approximately 65,000
customers. The New Mexico communities of Alamogordo, Ruidoso, and Clayton
lost approximately 26 MW of load, affecting a little over 21,000 customers, when
Public Service Company of New Mexico (PNM) experienced localized
transmission failures, although these were largely unrelated to the extreme
weather.

In total, approximately 1.3 million electric customers were out of service at

the peak of the event on February 2, and a total of 4.4 million were affected over
the course of the event from February 2 through February 4.
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Natural gas customers also experienced extensive curtailments of service
during the event. These curtailments were longer in duration than the electric
outages, because relighting customers’ equipment has to be accomplished
manually at each customer’s location. Local distribution companies (LDCs)
interrupted gas service to more than 50,000 customers in New Mexico, Arizona
and Texas; New Mexico was the hardest hit with outages of over 30,000
customers in areas as widespread as Hobbs, Ruidoso, Alamogordo, Silver City,
Tularosa, La Luz, Taos, Red River, Questa, Espafiola, Bernalillo and Placitas.

In the wake of these events, the Arizona Corporation Commission, the
Public Regulation Commission of New Mexico, the Public Utilities Commission
of Texas (PUCT), the Texas Railroad Commission (TRC), the New Mexico state
legislature and the Texas state legislature all initiated inquiries or investigations.
The PUCT directed TRE, the regional entity authorized by the North American
Electric Reliability Corporation (NERC) to cover the ERCOT region, to
investigate the decisions and actions ERCOT took in initiating the rolling
blackouts.

On February 7, 2011, NERC announced that it would work with the
affected Regional Entities to prepare an event analysis that would examine the
adequacy of preparations for the event and identify potential improvements and
lessons learned. NERC also stated it would review electric and natural gas
interdependencies, in light of the shift toward a greater reliance on natural gas to
produce electricity.

On February 14, the Federal Energy Regulatory Commission (FERC)
initiated an inquiry into the Southwest outages and service disruptions. The
inquiry had two objectives: to identify the causes of the disruptions, and to identify
any appropriate actions for preventing a recurrence of the disruptions. FERC
stated it was not at that time initiating an investigation into whether there may
have been violations of applicable regulations, requirements or standards under
FERC’s jurisdiction, and that any decisions on whether to initiate enforcement
investigations would be made later. Consequently, while this report describes
actions which in some cases appear to warrant further investigation, it does not
reach any conclusions as to whether violations have occurred.

From the beginning of their inquiries into the causes of the outages and
disruptions, the staffs of FERC and NERC have cooperated in their data gathering
and analysis. On May 9, FERC and NERC announced their staffs would create a
joint task force to combine their separate inquiries. This report is a product of that
effort.
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The inquiry performed by the joint task force was far-reaching. Noted
below in summary form are some of the steps taken by the task force to develop its
understanding of the electric and natural gas disruptions that were experienced in
the Southwest in early February.

Scope of Data Reviewed

The task force received approximately 54 GB of data through data requests
Issued to entities in both the electric and natural gas industries, conducted
numerous follow-up calls and meetings, and issued follow-up requests to discuss
questions raised by the data responses.

For the electric industry, the task force issued 122 data requests to
generator operators, transmission operators, balancing authorities, and a reliability
coordinator. The task force also utilized event analysis information which NERC
and the affected Regional Entities received from 79 registered entities (72 from
TRE, four from WECC and three from SPP). Additional event information was
received through a request for information issued by NERC and Regional Entities
to those entities affected by the extreme weather event. For the gas industry, the
task force issued 92 data requests to pipelines (interstate and intrastate), storage
facilities, gas processing plants, producers, and public utilities.

The data compiled by the task force focused on the causes of the outages
and curtailments during the February cold weather event, critical entities’
preparations for the forecasted cold weather and their performance in connection
with the rolling blackouts and natural gas curtailments, and any lessons learned
that could be applied in the future. As part of its analysis, the task force also
reviewed historical data and recommendations compiled during past cold weather
events in Texas and elsewhere in the Southwest, to determine whether the 2011
event was unprecedented or whether entities might have been better prepared to
deal with it.

Electric Facility Site Visits

Staff from FERC and NERC, together with representatives of TRE and
WECC, conducted site visits with various entities involved in the outages, toured
facilities and conducted interviews with operations personnel, compliance
personnel and company executives. The task force visited ERCOT, four
transmission operators in ERCOT, and 15 generators in ERCOT (including coal,
natural gas, and wind units); two generators in WECC; and two balancing
authorities in WECC. During the generator site visits the task force toured the
units, viewing any equipment that led to trips, derates, or failures to start; viewed
winterization measures; and discussed maintenance and winterization processes,
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fuel supply and market participation. During visits to the balancing authorities
and transmission operators, the task force toured control centers and discussed the
progression of the events, including specifics on load forecasting, market
mechanics, system operations, load shedding and load restoration. The task force
also discussed transmission system winterization and load shedding procedures
with the transmission operators.

Natural Gas Meetings

The task force conducted numerous meetings with various entities from the
gas industry to discuss the curtailments and shortages experienced in early
February and the specifics of the entities’ winter operations. These meetings
included operations and regulatory personnel from two interstate pipelines doing
business in Texas, New Mexico, Arizona, Colorado, and California; one
LDClintrastate pipeline located in New Mexico; one LDC from Arizona; and one
intrastate pipeline located in Texas. The meetings focused on the companies’
preparations for the storm, communications among LDCs, pipelines, marketers,
and producers about unfolding events, system operations, underlying causes of the
gas supply problems, and lessons learned. In most instances, interviews led to
supplemental data requests that provided additional information about the events.
The task force also held numerous telephone conferences with companies in the
pipeline, LDC, processing and production sectors, both to gather information and
to clarify information received in response to data requests.

Outreach Meetings

Task force staff conducted outreach meetings with the following industry
associations and groups: the Electric Power Supply Association, the American Gas
Association, the Independent Petroleum Association of America, the Texas
Pipeline Association, the Interstate Natural Gas Association of America, the
Natural Gas Supply Association, the Edison Electric Institute, the National Rural
Electric Cooperative Association, the American Public Power Association, and the
(ERO) Southwest Outage Advisory Panel. The task force shared its preliminary
findings and recommendations on a non-public basis with members of these
organizations in order to obtain feedback and, with respect to the
recommendations, input as to their practicality and feasibility. The feedback and
input provided by these organizations was considered and in a number of instances
reflected in the findings and recommendations included in this report.

Coordination with State Inquiries

The task force also reviewed materials acquired in the course of inquiries
into the event conducted by legislative bodies and regulatory commissions. The
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task force followed legislative and regulatory hearings in Arizona, New Mexico
and Texas and reviewed transcripts, testimony and webcasts from the proceedings.

Through contacts with state regulatory agencies, staff was able to review
responses to data requests issued by those bodies to ensure that the task force was
in possession of all potentially relevant materials. Task force staff also monitored
legislative efforts taken in response to the February outage, including conferring
with sponsors of pertinent legislation concerning, among other things, the
anticipated impacts of their proposals. The task force tracked the bills throughout
the legislative process. In addition, as regulatory agencies moved forward with
their inquiries into the outage, task force staff reviewed draft and final copies of all
relevant reports.

The task force also collaborated with ERCOT’s Independent Market
Monitor (IMM), which conducted an inquiry into potential market manipulation
during the event at the request of the PUCT. Task force staff conducted calls with
the IMM to discuss market conditions and reviewed its written assessment of the
market impacts from the event. The task force also contacted the TRC regarding
gas curtailment matters, submitted written questions about the TRC’s activities in
connection with the event, and reviewed all information the TRC collected
concerning the event.

To assist in its analysis of the materials received, the task force
commissioned one outside consultant’s study to examine impacts of the cold
weather event on gas production, reviewed studies conducted on behalf of
regulatory and other bodies, and prepared extensive in-house studies by staff
analysts.

This report documents the information received by the task force and
presents the task force’s conclusions as to the causes of the electric outages and
natural gas curtailments that occurred during the February 2011 event. Itis
divided into several sections, beginning with an overview of the electric and
natural gas industries that provides background for the event, discusses the event
itself and prior cold weather events in the region, and ends with a summary of key
findings and recommendations. Also included are a list of acronyms, a glossary,
and a number of appendices which treat in fuller detail many of the matters
mentioned in the body of the report.
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1. Executive Summary

The arctic cold front that descended on the Southwest during the first week
of February 2011 was unusually severe in terms of temperature, wind, and
duration of the event. In many cities in the Southwest, temperatures remained
below freezing for four days, and winds gusted in places to 30 mph or more. The
geographic area hit was also extensive, complicating efforts to obtain power and
natural gas from neighboring regions.

The storm, however, was not without precedent. There were prior severe
cold weather events in the Southwest in 1983, 1989, 2003, 2006, 2008, and 2010.
The worst of these was in 1989, the prior event most comparable to 2011. That
year marked the first time ERCOT resorted to system-wide rolling blackouts to
prevent more widespread customer outages. In all of those prior years, the natural
gas delivery system experienced production declines; however, curtailments to
natural gas customers in the region were essentially limited to the years 1989 and
2003.

Electric

Going into the February 2011 storm, neither ERCOT nor the other electric
entities that initiated rolling blackouts during the event expected to have a problem
meeting customer demand. They all had adequate reserve margins, based on
anticipated generator availability. But those reserves proved insufficient for the
extraordinary amount of capacity that was lost during the event from trips, derates,
and failures to start.

In the case of ERCOT, where rolling blackouts affected the largest number
of customers (3.2 million), there were 3100 MW of responsive reserves available
on the first day of the event, compared to a minimum requirement of 2300 MW.
But over the course of that day and the next, a total of 193 ERCOT generating
units failed or were derated, representing a cumulative loss of 29,729 MW.
Combining forced outages with scheduled outages, approximately one-third of the
total ERCOT fleet was unavailable at the lowest point of the event. These
extensive generator failures overwhelmed ERCOT’s reserves, which eventually
dropped below the level of safe operation. Had ERCOT not acted promptly to
shed load, it would very likely have suffered widespread, uncontrolled blackouts
throughout the entire ERCOT Interconnection.

ERCOT also experienced generator outages in the Rio Grande Valley on
February 3, again due to the cold weather. This area is transmission constrained,
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and the loss of local generation led to voltage concerns that necessitated localized
load shedding.

Spot prices in ERCOT hit the $3,000 per MWh cap on February 2, the
worst day of the event. Given the high demand and the huge loss of generation,
this was not a surprising development. In fact, very high prices are an expected
response to scarcity conditions, one that is built into ERCOT’s energy-only
market. ERCOT’s IMM reviewed market performance during the event and found
no evidence of market manipulation.

EPE and SRP likewise suffered numerous generator outages, necessitating
load shed of 1023 MW in EPE’s case, and 300 MW in SRP’s case. As with
ERCOT, many of these generators failed because of weather-related reasons.

A number of entities within SPP also experienced outages during the event.
In their case, however, load shedding was not required, principally because the
utilities were able to purchase emergency energy from other SPP members. One
other utility in the Southwest, PNM, experienced blackouts, but these were
localized and the result of transmission outages that were mostly unrelated to the
weather.

The actions of the entities in calling for and carrying out the rolling
blackouts were largely effective and timely. However, the massive amount of
generator failures that were experienced raises the question whether it would have
been helpful to increase reserve levels going into the event. This action would
have brought more units online earlier, might have prevented some of the freezing
problems the generators experienced, and could have exposed operational
problems in time to implement corrections before the units were needed to meet
customer demand.

The February event underscores the need to have sufficient black start units
available, particularly in the face of an anticipated severe weather event. In
ERCOT’s case, for instance, nearly half of its black start units were either on
scheduled outage at the time of the event or failed during the event itself,
jeopardizing the utility’s ability to promptly restore the system had an
uncontrolled, ERCOT-wide blackout occurred.

The majority of the problems experienced by the many generators that
tripped, suffered derates, or failed to start during the event were attributable, either
directly or indirectly, to the cold weather itself. For the Southwest as a whole, 67
percent of the generator failures (by MWh) were due directly to weather-related
causes, including frozen sensing lines, frozen equipment, frozen water lines,
frozen valves, blade icing, low temperature cutoff limits, and the like. At least
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another 12 percent were indirectly attributable to the weather (occasioned by
natural gas curtailments to gas-fired generators and difficulties in fuel switching).

Low temperatures returned to the region on February 10. In fact, ERCOT
set a new winter peak that day. But no load shedding proved necessary, largely
because the temperatures were not quite as cold or sustained as those of the
previous week, the winds were less severe, and many of the repairs and protective
measures taken by the generators on February 2 remained in place.

Natural Gas

Problems on the natural gas side largely resulted from production declines
in the five basins serving the Southwest. For the period February 1 through
February 5, an estimated 14.8 Bcf of production was lost. These declines
propagated downstream through the rest of the gas delivery chain, ultimately
resulting in natural gas curtailments to more than 50,000 customers in New
Mexico, Arizona, and Texas.

The production losses stemmed principally from three things: freeze-offs,
icy roads, and rolling electric blackouts or customer curtailments. Freeze-offs
occurred when the small amount of water produced alongside the natural gas
crystallized or froze, completely blocking off the gas flow and shutting down the
well. Freeze-offs routinely occur in very cold weather, and affected at least some
of these basins in all of the six recent cold weather events in the Southwest with
the possible exception of 1983, for which adequate records are not available.
During the February event, icy roads prevented maintenance personnel and
equipment from reaching the wells and hauling off produced water which, if left in
holding tanks at the wellhead, causes the wells to shut down automatically. The
ERCOT blackouts or customer curtailments affected primarily the Permian and
Fort Worth Basins and caused or contributed to 29 percent (Permian) and 27
percent (Fort Worth) of the production outages, principally as a result of shutting
down electric pumping units or compressors on gathering lines.

Processing plants suffered some mechanical failures, although most of their
shortfalls resulted from problems upstream at the wellhead. The production
declines, coupled with increased customer demand, reduced gas volume and
pressure in the pipelines and in those limited storage facilities serving the
Southwest. These entities in turn were unable in some instances to deliver
adequate gas supplies to LDCs.

When LDCs suffer declines in gas pressure on their systems, they must

reduce the amount of gas being consumed to prevent pressures from falling so low
that their entire systems might fail. As a result of the high gas demand and the
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falling pressures on their systems, four LDCs in New Mexico, Arizona and Texas
were forced to curtail retail service or were unable to supply gas to all customers.
These curtailments or outages affected more than 50,000 customers in those states,
including the cities of El Paso in Texas; Tucson and Sierra Vista in Arizona; and
Hobbs, Ruidoso, Alamogordo, Silver City, Tularosa, La Luz, Taos, Red River,
Questa, Espariola, Bernalillo, and Placitas in New Mexico. In contrast to the
relative ease of restoring electric service, restoration of gas service was
complicated by the necessity to have LDC crews manually shut off gas meters and
then relight pilot lights on site.

Winterization

Generators and natural gas producers suffered severe losses of capacity
despite having received accurate forecasts of the storm. Entities in both categories
report having winterization procedures in place. However, the poor performance
of many of these generating units and wells suggests that these procedures were
either inadequate or were not adequately followed.

The experiences of 1989 are instructive, particularly on the electric side. In
that year, as in 2011, cold weather caused many generators to trip, derate, or fail to
start. The PUCT investigated the occurrence and issued a number of
recommendations aimed at improving winterization on the part of the generators.
These recommendations were not mandatory, and over the course of time
implementation lapsed. Many of the generators that experienced outages in 1989
failed again in 2011.

On the gas side, producers experienced production declines in all of the
recent prior cold weather events. While these declines rarely led to any significant
curtailments, electric generators in 2003 did experience, as a result of gas
shortages, widespread derates and in some cases outright unit failure. It is
reasonable to assume from this pattern that the level of winterization put in place
by producers is not capable of withstanding unusually cold temperatures.

While extreme cold weather events are obviously not as common in the
Southwest as elsewhere, they do occur every few years. And when they do, the
cost in terms of dollars and human hardship is considerable. The question of what
to do about it is not an easy one to answer, as all preventative measures entail
some cost. However, in many cases, the needed fixes would not be unduly
expensive. Indeed, many utilities have already undertaken improvements in light
of their experiences during the February event. This report makes a number of
recommendations that the task force believes are both reasonable economically
and which would substantially reduce the risk of blackouts and natural gas
curtailments during the next extreme cold weather event that hits the Southwest.
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Electric and Gas Interdependency

The report also addresses the interdependency of the electric and natural
gas industries. Utilities are becoming increasingly reliant on gas-fired generation,
in large part because shale production has dramatically reduced the cost of gas.
Likewise, compressors used in the gas industry are more likely than in the past to
be powered with electricity, rather than gas. As a result, deficiencies in the supply
of either electricity or natural gas affect not only consumers of that commaodity,
but of the other commodity as well.

Gas shortages were not a significant cause of the electric generator outages
experienced during the February 2011 event, nor were rolling blackouts a primary
cause of the production declines at the wellhead. Both, however, contributed to
the problem, and in the case of natural gas shortfalls in the Permian and Fort
Worth Basins, approximately a quarter of the decline was attributed to rolling
blackouts or customer curtailments affecting producers.

The report explores some of the issues relating to the effects of shortages of
one commodity on the other, including the question of whether gas production and
processing facilities should be deemed “human needs” customers and thus
exempted or given special consideration for purposes of electric load shedding.
However, any resolution of the many issues arising from electric and natural gas
interdependency must be informed by an examination of more than one cold
weather event in one part of the country. For that reason, the report does not offer
specific recommendations in this area, but urges regulatory and industry bodies to
explore solutions to the many interdependency problems which are likely to
remain of concern in the future.
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1. The Electric and Natural Gas Industries

Electricity and natural gas are two of the most essential commodities for the
conduct of modern life. However, the industries that produce electricity and
natural gas and deliver these commodities from their points of production to
consumers differ greatly from one another, as do the regulatory schemes
governing them. This section provides an overview of the electric and natural gas
industries, their market structures, and the regulatory authorities under which they
operate, focusing particularly on the southwest region of the country. This
background will be useful in understanding the causes of the outages and
curtailments experienced during the first week of February 2011, the actions taken
by the entities affected, and the recommendations the task force is suggesting to
prevent a recurrence of the widespread service disruptions.

A. The Electric Industry

This subsection describes the structures under which electricity is generated
and transmitted, the regulation of electric service providers, and the characteristics
of the electricity markets found in the Southwest. A more detailed description of
how electricity is produced, transmitted and delivered can be found in the
appendix entitled “Electricity: How it is Generated and Distributed.”

Overview of Electric Power Production and Delivery

The electric power industry is comprised of three separate functions:
generation, transmission, and distribution. These are depicted in the figure below.

Electric Industry Functions

Generation of Transmission Distribution
electricity

Source: EIA

Most of the power produced in the United States uses coal, natural gas, or
nuclear fission as the energy source to produce steam or other hot combustion gas
that turns a turbine and thereby creates electricity. The figure below shows the
fuel source percentages for electricity produced in the US in 2009, with the
majority of electricity coming from fossil fuels (coal and natural gas totaling a 68
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Registry that identifies all entities subject to compliance with the approved
Reliability Standards. Users, owners and operators of the bulk power system are
required to register with NERC under the appropriate functional categories, and
each Reliability Standard designates each category of entity to which it applies.
Currently, there are over 1900 registered entities subject to the Reliability
Standards (a number of entities are counted more than once as they are registered
under more than one category). The categories of registered entities are set out in
the appendix entitled “Categories of NERC Registered Entities.”

Registered entities are required to report the occurrence of defined bulk
power system disturbances and unusual occurrences to the appropriate Regional
Entity and to NERC. The Regional Entity and/or NERC in turn undertakes
various levels of analysis to determine the causes of the events, assure tracking of
corrective actions to prevent recurrence, gather information needed to assess
compliance, and provide lessons learned to the industry. The event analysis
process also provides input for training and education, reliability trend analysis
efforts and Reliability Standards development, all of which support continued
reliability improvement. Under NERC’s field trial of its event analysis program,
the February 2 and February 3 event was classified as a category 4 event due to the
overall significance and impact of the event (loss of over 5,000 MW but less than
10,000 MW of load or generation). Based on the scope of the needed analysis,
and the fact that it impacted multiple regions, NERC determined that the event
review should be coordinated at the NERC level.

Southwest Electricity Markets, Pools and Reserve Sharing Groups

The Southwest contains two ISO/RTOs (ERCOT and SPP), and a number
of vertically integrated utilities that are located within the WECC region. These
are described below.

ERCOT

The Electric Reliability Council of Texas (ERCOT) is an ISO that covers
approximately seventy-five percent of the landmass within Texas, excluding the El
Paso area, part of the northern panhandle, and part of the region east of Houston.
ERCOT manages access to the transmission system within its footprint and
operates the Texas energy and ancillary services markets (it does not have a
capacity market).
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